Introduction
============

Splashing chemicals into the eyes may not only occur as an occupational accident but also while using detergents or other products at home. Most kitchen detergents are neutral (pH 6--8) and are mainly composed of a surfactant, a stabilizing agent, and a sequestering agent. Even if a chemical injury occurs, the resulting keratoconjunctival damage is milder in most cases involving a neutral detergent than when an alkaline or acidic agent is the cause. To the best of our knowledge, no severe cases of eye injury caused by a neutral detergent have been reported.

On the other hand, a bandage soft contact lens (SCL) is used for treating a persistent corneal epithelial defect to prevent exfoliation of corneal epithelial cells, to protect from mechanical damage, and to maintain the wettability of the ocular surface.[@b1-opth-6-1977]--[@b6-opth-6-1977] Bacterial contamination using bandage disposable SCL is also reported,[@b7-opth-6-1977],[@b8-opth-6-1977] and causes bacterial keratitis and infectious endophthalmitis in severe cases.[@b9-opth-6-1977],[@b10-opth-6-1977]

We report a rare case of corneal injury due to a neutral detergent that resulted in a persistent corneal epithelial defect, exhibiting obvious symptoms of intracameral inflammation with iris rubeosis and hyphema after wearing a bandage SCL.

Case report
===========

The patient was a 74-year-old Japanese man who splashed household detergent in his eyes at home in July 2009. He presented with bilateral eye pain and difficulty in opening his eyelids. Because the patient had suffered from diabetes mellitus for 15 years, he had undergone regular examinations for cataract and diabetic retinopathy at our hospital. Before the present injury, there was no diabetic retinopathy and the corrected visual acuity was 20/16 on both sides. At the time of injury, glycosylated hemoglobin was 8.9% and his antidiabetic drug therapy was limited to glimepiride (Amaryl^®^, Sanofi KK, Paris, France) at 1 mg in the morning. He was not taking an anticoagulant. The substance that entered his eyes was a neutral (pH 6.8) detergent (Charmy Awa no Chikara \[Power of Suds\], Lion Corporation, Tokyo, Japan), the major ingredient of which was a surfactant.

The right eye showed diffuse superficial keratitis, probably because little detergent had splashed into this eye. Hyperemia of the conjunctiva was the main finding and the ocular condition was grade G1 according to the Kinoshita classification.[@b11-opth-6-1977] On the other hand, there was extensive corneal epithelial damage, conjunctival edema, and marked conjunctival hyperemia of the left eye, which was classified as grade G2 according to Kinoshita ([Figure 1](#f1-opth-6-1977){ref-type="fig"}).

The eyes were irrigated with 2 L of physiological saline solution for about 20 minutes. Treatment was then started with oral prednisolone, ofloxacin eye ointment, and betamethasone eye ointment. Six days later, the right eye showed almost complete epithelialization and visual acuity had returned to 20/20. However, although the size of the corneal epithelial defect in the left eye was smaller compared with that seen at the initial visit, edema and Descemet's fold were unchanged. At 10 days after injury, reduction of the corneal epithelial defect area was noted in the left eye, but visual acuity was still only hand movement. Because the epithelial defect was still present at 12 days after injury, the patient was given a therapeutic bandage SCL (Breath-O^®^, Toray Industries Inc, Tokyo, Japan), and treatment was started using an antimicrobial agent (0.5% levofloxacin eye drops, Santen Pharmaceutical Co, Ltd, Osaka, Japan), a corticosteroid (0.1% betamethasone eye drops, Shionogi & Co, Ltd, Osaka, Japan), and sodium hyaluronate eye drops (0.1% Hyalein, Santen Pharmaceutical Co, Ltd, Osaka, Japan), four times daily. After 7 days of wearing the bandage SCL, hyperemia was exacerbated and bacterial corneal infiltrates were suspected ([Figure 2](#f2-opth-6-1977){ref-type="fig"}). Therefore, use of the bandage SCL and topical steroid instillation was discontinued. A *Corynebacterium* species resistant to fluoroquinolones was detected by culture on rubbing the inferior palpebral conjunctival sac with a sterile cotton swab, so his antimicrobial agent was changed to cefmenoxime, a drug to which fluoroquinolone-resistant *Corynebacterium* is sensitive. About one month after injury (10 days after starting use of the bandage SCL), the epithelial defect was almost completely resolved, except in a central area with opacity. In addition, corneal epithelial swelling was observed and the endothelial cell density was calculated to be 2237/mm^2^. Because reepithelialization did not progress, 50% autologous serum was instilled topically into the eyes. At 38 days after injury, the corneal epithelial defect was healed completely. However, hyphema occurred suddenly, with near-circumferential rubeosis of the iris ([Figure 3](#f3-opth-6-1977){ref-type="fig"}). The intraocular pressure was around 35 mmHg, and ghost cell glaucoma developed. Treatment was started with acetazolamide at a dose of 750 mg/day and a topical long-acting beta-blocker (carteolol hydrochloride, Otsuka Pharmaceutical Co, Ltd, Tokyo, Japan) once a day. About 2 weeks later, the hemorrhage improved and secretions were absorbed, along with a decrease in intraocular pressure and spontaneous regression of rubeosis. Visual acuity was 20/100 in the left eye. After the eye was confirmed to be free from infection, a topical steroid (0.02% fluorometholone eye drops, Santen Pharmaceutical Co, Ltd) was administered to clear the opacity in the center of the cornea. At 5 months after injury, his visual acuity improved to 20/20 on the right and 20/25 on the left. Fundus examination of the left eye revealed no diabetic retinopathy, no neovascularization, and normal cupping of the optic disc.

Discussion
==========

This is a case of hyphema and iris rubeosis following secondary infection of a persistent corneal epithelial defect by *Corynebacterium*. The condition followed chemical injury by a neutral detergent.

When considering the cause of the onset of iris rubeosis in the present case, it seems highly improbable that rubeosis due to diabetic retinopathy or other ischemic disease would undergo spontaneous remission after such a short time as 2 weeks. We could exclude exacerbation of diabetic retinopathy, internal carotid stenosis, uveitis, retinal ischemia, ophthalmic arteriovenous anomalies, and neoplastic disease.

However, with respect to inflammatory rubeosis like that seen in the present patient, spontaneous regression would be expected to occur with improvement of inflammation. Due to progress with antimicrobial agents, there are no recent reports concerning bacterial corneal ulcers complicated by hyphema and rubeosis. However, there are several reports of microbial keratitis infected by *Corynebacterium*, especially following use of a bandage SCL[@b8-opth-6-1977] and after photorefractive keratectomy and laser in situ leratomileusis.[@b12-opth-6-1977],[@b13-opth-6-1977]*Corynebacterium* is a genus of Gram-positive, rod-shaped bacteria, which are widely distributed in nature, are mostly innocuous, and constitute one kind of the normal bacterial flora found on the ocular surface.[@b14-opth-6-1977]--[@b16-opth-6-1977] The corneal epithelium is always in contact with the external environment and is likely to come into contact with foreign bodies and pathogens. If there is a corneal epithelial defect, the risk of microbial keratitis will be increased.

Continuous wearing of an SCL is a known risk factor for microbial keratitis.[@b17-opth-6-1977],[@b18-opth-6-1977] Corneal epithelial damage is present and barrier function is impaired especially in patients who are prescribed a bandage SCL. Because continuous wearing of an SCL results in hypoxia and decreased metabolism in the cornea, this worsens the infectious keratitis already present. In addition, administration of a corticosteroid might have caused the infection to flare. In order to promote healing of the persistent corneal epithelial defect, a bandage SCL was used, with levofloxacin eye drops as concomitant therapy. However, some recent reports from Japan demonstrate a high rate of fluoroquinolone resistance in cases of *Corynebacterium.*[@b15-opth-6-1977],[@b16-opth-6-1977] In our case, a strain of fluoroquinolone-resistant *Corynebacterium* colonized the eye, so that the corneal ulcer eventually became severe and intracameral inflammation also became more severe.

On the other hand, topical instillation of autologous serum subsequently promoted improvement of the ulcer in our case. Jeng et al[@b19-opth-6-1977] have reported the benefit of topical instillation of autologous serum in patients with persistent corneal epithelial defect, because it has a lower risk of infection and is more useful than a bandage SCL. There is only a remote possibility that topical instillation of autologous serum will cause progression of rubeosis.

What is the mechanism by which rubeosis and hyphema developed in this patient? It would be reasonable to consider that inflammatory cytokines produced in response to chemical injury were responsible for the changes in our patient. Animal studies of alkaline injury have shown a significant increase in interleukin-1α and interleukin-6 levels in the cornea[@b20-opth-6-1977] and that bevacizumab (an anti-vascular endothelial growth factor agent) is effective for preventing corneal neovascularization. [@b21-opth-6-1977] It is assumed that, after the initial chemical injury in our patient, persistent corneal ulceration caused by bacterial infection led to severe inflammation and release of the above-mentioned inflammatory cytokines from the corneal stroma into the anterior chamber, thereby increasing the concentration of cytokines in the aqueous humor. Moreover, increased interleukin-1β and interleukin-6 levels in the retina have been reported following alkaline injury.[@b22-opth-6-1977] In the present case, there is also a possibility that inflammatory cytokines were released from the retina into the vitreous fluid and then transferred to the anterior chamber, thereby causing rubeosis.

Furthermore, irrigation of the eye at home by this patient after the accident was only done for about 5 minutes, which is insufficient. In the future, ophthalmologists as well as emergency physicians and detergent manufacturers must inform the public that at least 15 minutes of irrigation is recommended as initial treatment at the time of injury.

In conclusion, the message conveyed by this case is that even when chemical injury is due to a neutral detergent, corneal ulceration may be persistent in elderly patients with diabetes who become infected with fluoroquinolone-resistant *Corynebacterium*, and unexpectedly severe in those wearing a bandage SCL.
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![(**A**) Slit-lamp photograph showing marked conjunctival hyperemia and conjunctival edema in the left eye. (**B**) There is an extensive corneal epithelial defect covering almost the entire cornea in the left eye.](opth-6-1977f1){#f1-opth-6-1977}

![The corneal epithelial defect has become smaller, but it is complicated by infection (arrows) in the left eye.](opth-6-1977f2){#f2-opth-6-1977}

![(**A**) Slit-lamp photograph showing iris rubeosis (arrows) at circumferential pupil margin. (**B**) There is an obvious hyphema (arrow) in the left eye.](opth-6-1977f3){#f3-opth-6-1977}
